sectioning, and referred to it as the non-trimming microtensile test. It is expected that this method can supply more detailed analysis within one tooth. Miyazaki6) reported that the adhesive failure tended to increase while the cohesive failure in the adhesive layer tended to decrease with decreasing cross-sectional area in the conventional tensile test. However, it remains unclear whether there is any difference in the failure modes between the conventional test and the microtensile test. The stress concentration to cause failure depends first on the external shape in the dumbbell type specimen but on the internal structure in the non-trimming small specimen as well as in the conventional bulk specimen. It is essential not to select a testing method that shows a clear distinctive stress concentration for comparing the failure mode in adhesion testing. The present study, therefore, aimed to compare the failure mode of the conventional tensile test with that of the non-trimming microtensile test using two bonding systems available on the market, to clarify the better method for evaluating the advanced dentin bonding systems.
MATERIALS AND METHODS
Freshly extracted caries-free human third molars were provided for this study. Two kinds of dentin bonding systems were selected as listed in Table 1 : one self-etching bonding system (code: CLB) and one wet bonding system (code: MSB) and each respective composite resin (Clearfil AP-X, Kuraray, Tokyo, Japan and Z100, 3M, St. Paul, USA). The superficial dentin was exposed by cutting the tooth through the occlusal enamel-dentin junction with a low speed diamond saw (Isomet, Buehler, Lake Bluff, USA) under water-cooling.
In the case of the conventional tensile test, the as-cut dentin was exposed to 5 mm in diameter using masking tape and treated with the dentin bonding system. As seen in Table 1 , the CLB and MSB are applied with a self-etching primer and an etchant, respectively, prior to applying bonding agent. All the procedures for bonding were performed according to the manufacturers' instructions.
A plastic tube 5 mm in inner diameter and 5mm in height was put on the treated dentin and the composite resin was filled into it. The resin was cured by 40-second radiation of visible light two times. The specimen was immersed in water for 24 hours before the test. The conventional tensile test was performed with a universal tensile testing machine (Tensilon-III-500, TOYO Boldwing, Tokyo, Japan) at a crosshead speed of 2 mm/min. Five specimens were provided for each dentin bonding system.
The non-trimming microtensile test specimen was prepared according to the The results of the bond strength as well as the fraction of the fracture surface were analyzed by analysis of variance (ANOVA) and t-test.
RESULTS
The tensile strengths obtained from the conventional tensile test and non-trimming microtensile test are shown in Fig. 2 . No significant difference was found in bond strength between CLB and MSB by the conventional tensile test (p>0.05).
In the non-trimming microtensile test, however, the bond strength with MSB was significantly larger than that with CLB (p<0.05). It was also found that the non-trimming microtensile test showed a significantly larger bond strength than the conventional tensile test for each bonding system (p<0.05), while in the former the standard deviation was markedly larger. Fig. 3 shows an example of the secondary electron image (SEI) and back scattered electron image (BEI) exhibiting the component image for a fracture surface after the non-trimming microtensile test.
Figs. 4 and 5 show representative SEM images of the fracture surface by the conventional tensile test for CLB and MSB, respectively. The surface was inclined by 45 degrees to emphasize the surface irregularities.
The particular phases were distinguished by referring to the corresponding BEI. Clearly different failure modes were bonding features at a selected site of interface. On the other hand, the non-trimming small specimen has a uniform cross-section along its long axis to avoid notch effects and it cannot be estimated before testing where it may fail. Due to its small crosssection, the specimen will be directly affected by the existence of any defect or mechanically weak structure in the microtensile test. This might be the reason for the large standard deviation of the bond strength in the non-trimming small specimens in the present study. It is assumed that the small specimens in which the interface happened to encounter the defective or deficient adhesion might fail in the mode of adhesive failure with smaller bond strength while the sound small specimen might show a significantly greater bond strength. This is one of the important features of the non-trimming microtensile test, whereas in the conventional test the failure mode of the specimen may be determined by the preferential development of some major cracks but not always by the distribution of the defective or week region.
Thus, the non-trimming small specimens may potentially provide the inherent information on bonding at each sectioned site of interest without being affected by the cracks developed from other defective regions, showing more realistic aspects of resin-dentin bonding than the conventional bulk specimen. In the categories of the failure mode, the failure within the resin-infiltrated dentin layer was involved in the adhesive failure in this study because it was difficult to clearly identify that layer. The need for detection of that layer remains.
The location of the bond to be examined has so far been limited to the center of the occlusal or labial surface of midcoronal dentin in the conventional tensile testy because of its experimental conditions. With the non-trimming microtensile test, any portion will be available for specimens. However, the microtensile test cannot be an alternative to the conventional tensile test and it is emphasized that the selection of the testing method should depend on the purpose of the test. The conventional test is adequate to evaluate the practical significance of the composite resin restoration in terms of the macroscopic bond strength.
More detailed analysis of bonding aspects utilizing the foregoing advantages of the non-trimming microtensile test will be useful for further improvement of the bonding systems, although it requires time and needs special attention to prepare the specimens. human vs. bovine teeth in laboratory studies. Am J Dent 3: 253-258, 1990. 4) Sano, H., Shono, T., Sonoda, H., Takatsu, T., Ciucchi, B., Carvalho, R.M. 
